In the studies conducted in 2016-2017, the chemical composition of the essential oils isolated from the herb of two thyme (Thymus vulgaris L.) cultivars was investigated by gas chromatography-mass spectrometry (GC-MS). The GC-MS analyses of the volatile oils of T. vulgaris L. cv. 'English Winter' and cv. 'Summer Thyme de Provence' led to the identification of 80 and 73 constituents, respectively. The main components found in the oil of 'English Winter' cultivar were thymol (44.97 and 38.06% in 2016 and 2017, respectively), p-cymene (7.61 and 10.34%), γ-terpinene (7.08 and 6.66%) and carvacrol (5.11 and 8.27%). Similarly, thymol (36.82 and 37.32%), p-cymene (15.73 and 11.20%), γ-terpinene (5.34 and 11.09%) and carvacrol (6.50 and 5.35%) dominated in the essential oil of 'Summer Thyme de Provence' cultivar. However, the higher content of thymol was noted for cultivar 'English Winter', while cultivar 'Summer Thyme de Provence' was richer in p-cymene.
Introduction
Thyme (Thymus vulgaris L.), an aromatic perennial subshrub belonging to the Lamiaceae family, is commonly known for its therapeutic properties since ancient times. The whole plant as well as its different extracts is used in medicine, cosmetic and food industry (Sharafzadeh et al., 2010) . Thymi herba has expectorant, antitussive, antibroncholytic, antispasmodic, carminative and diuretic properties (Marzec et al., 2010; Al-Asmari et al., 2017) . Therefore the consumption of thyme extracts is recommended all over the world (Sharafzadeh et al., 2010) . The aerial parts of Thymus are also used as a condiment in meat industry (to flavor meats such as rabbit, boar and lamb) and in the production of herb wine and liqueurs (Cornara et al., 2000; Marzec et al., 2010) .
The beneficial properties of thyme are a consequence of the presence of thymol and carvacrol in its essential oil (Agili, 2014) . These major phenolic compounds have antioxidant, antimicrobial and antifungal properties (Alizadeh, 2013) . Anti-worm, antiseptic and antispasmodic activities of thyme volatile oil have been also well documented (Marino et al., 1999) . Thymi aetheroleum has been reported to be in world's top ten of essential oils used as food additive (Marzec et al., 2010; Agili, 2014) . It is mainly applied in the production of candies, herbal teas and ice tea (Carlen et al., 2010) .
Chemical composition of thyme essential oil is well known. Thymol, γ-terpinene, p-cymene, carvacrol, linalool, α-pinene, borneol, 1,8-cineole, geraniol, caryophyllene as well as limonen, terpinen-4-ol and trans-sabinene hydrate are reported to be its main constituents (Marzec et al., 2010; Sharafzadeh et al., 2010; Satyal et al., 2016) . Based on the predominance of particular monoterpeneoids in the volatile oil six different chemotypes of T. vulgaris have been identified (Thompson et al., 2003; Torras et al., 2007; Chizzola et al., 2008) : phenolic chemotypes (thymol and carvacrol) and non-phenolic chemotypes (geraniol, αterpineol, linalool and trans-thujan-4-ol/terpinen-4-ol). Interestingly, in Spanish thyme another chemotype has been detected: 1,8-cineole (Guillen and Manzanos, 1998) . Moreover, T. vulgaris collected in France represented the linalool chemotype, while geraniol chemotype has been described as characteristic for thyme in Serbia (Satyal et al., 2016) . The most valuable for industrial purposes is Thymus vulgaris which contains from 20 to 80% of thymol (Marzec et al., 2010) .
For laboratory analyses a herb from two-and three-year old plants was collected during flowering (harvest dates: 9 June 2016 and 10 June 2017 -'English Winter' cultivar and 24 May 2016 and 30 May 2017 -'Summer Thyme de Provence' cultivar). A 100 g samples, from each experimental plot (4 × 100 g), were taken. Subsequently, the samples of each cultivar were combined, mixed and dried in a shady and well ventilated place at room temperature (drying room). The dried plants were cut into small pieces and stored in a dry and cool place until analysis. Representative samples (200 g, each year) were used for essential oil isolation.
The weather conditions (the average values of daily temperature (°C), rainfall (mm), insolation (hours)) during the period of Thymus vulgaris L. cultivation are shown in Table 1 .
Determination of essential oil content
Thirty grams of dried aerial parts of thyme (each cultivar separately) in a 1000 mL round-bottomed flask along with 400 mL of distilled water was subjected to hydrodistillation in a Clevenger-type apparatus for 2 hours, according to the method recommended by European Pharmacopoeia (2010). The measurements of the distillation time started after the falling of the first drop of distillate. After 2 hours of distillation, the volume of the oil collected into the calibrated tube of apparatus was read.
Obtained essential oils were dried over anhydrous sodium sulphate and, after filtration, stored in dark sealed vials at 4 ºC until GC-MS analysis. Tree replicates were carried out. Essential oil content was calculated based on dry weight of plant material and expressed as % v/w (volume of essential oil per 100 g of plant material) in Table 2 .
Gas Chromatography-Mass Spectrometry analysis of the essential oils
The identification of the chemical constituents of the essential oil samples was performed on an HP 6890 gas chromatograph equipped with a HP-5MS capillary column (30 m × 0.25 mm; film thickness 0.25 μm) and directly coupled with HP 5973 Mass Selective Detector.
Helium was used as a carrier gas at a flow rate of 1.0 mL min -1 . Samples of 1 μL (30 mg of oil dissolved in 1.5 mL of dichloromethane) were injected with a split ratio of 5:1. The injector and the transfer line were kept at 280 °C. The ion source temperature was 230 °C.
The availability of various chemotypes and the production of new cultivars have resulted in a great variation in the essential oil composition and aroma among thyme species. Because the processing industry needs high quality raw material, it is important for thyme producers to have high quality cultivars with a good level of homogeneity (Carlen et al., 2010) .
Nowadays, seeds of Thymus vulgaris L. are offered to sale by many companies. Most of the cultivars are not chemically characterized.
Therefore, the aim of the study conducted in 2016-2017 was to determine the chemical composition of two commercial thyme cultivars: 'English Winter' and 'Summer Thyme de Provence'. To the best of our knowledge, no one has characterized chemically these two cultivars.
Materials and Methods

Plant material
The field experiment was conducted at the Horticultural Experimental Station in Dołuje (northwestern Poland), which belongs to the West Pomeranian University of Technology in Szczecin. The experiment was performed on sandy clay soil characterized by low waterholding capacity. The field was prepared according to agrotechnique proper for thyme cultivation. Mineral fertilization was quantified according to the results of the chemical analysis of the soil samples and supplemented to the recommended for thyme level of 60 g N and 50 g K2O per 10 m 2 . In the first year, nitrogen fertilizer was applied in two doses: ½ -before sowing and ½ -three weeks after sowing, potassium fertilizer -once (before sowing). In the second and third year of cultivation, 50 g K2O (per 10 m 2 ) and 100 g P2O5 (per 10 m 2 ) were applied on early spring. Nitrogen fertilizer was applied in two doses: ½ -after plant vegetation and ½ -after harvest. During plant growth, standard cultivation treatments were performed, including weeding, soil loosening and watering, whenever necessary.
Commercial seeds purchased from the seed company Chiltern Seeds (United Kingdom) were used in the present study. The cultivars were as follows: 'English Winter' and 'Summer Thyme de Provence'. Seeds were sown on seedbed at the second decade of March 2015. In the same year, the obtained seedlings were planted into the open field in the last decade of May, with spacing of 30 x 20 cm. The plants were grown in experimental plots with an area of 1.44 m 2 (1.2 x 1.2 m 2 ), in four replications. 830 The column temperature was initially kept at 40 °C for 5 min, then increased to 60 °C at a rate of 30 °C min -1 , next to 230 °C at a rate of 6 °C min -1 (kept constant for 10 min), and then increased to a final temperature of 280 °C at a rate of 30 °C min -1 . The oven was held at this temperature for 5 minutes. Mass spectra were taken at 70 eV with a mass scan range of 40-550 amu. Scan speed: 2.94/s. Solvent delay was 4 min. The total running time for a single sample was about 51 minutes.
The relative percentage of the essential oil constituents was evaluated from the total peak area (TIC) by apparatus software.
Identification of essential oil constituents
Essential oil constituents were identified by comparison of their retention indices (relative to n-alkanes C7-C30 (Supelco, Bellefonte, PA, USA) on HP-5MS column) with those reported in NIST Chemistry WebBook (http://webbook.nist.gov/chemistry/) and literature (Adams, 2007; Babushok et al., 2011) . Further identification was made by comparison of their mass spectra with those stored in the Wiley NBS75K.L and NIST/EPA/NIH (2002 and 2014 version) mass spectral libraries, as well as by comparison of their mass spectra with authentic compounds available in our laboratory (thymol, carvacrol, p-cymene and β-pinene, purchased from Sigma-Aldrich and Fluka).
Statistical analysis
The results of the study (Table 2 and 4) were subjected to an analysis of variance which was performed with AWAR software, made by the Department of Agrometeorology and Applied Informatics, Institute of Soil Science and Plant Cultivation in Puławy, Poland (Filipiak and Wilkos, 1995) . The means of two years were separated using the Tukey's Studentized Range Test at p=0.05. The statistical analysis of the results given in Table 4 was conducted for constituents of content greater than 1% of essential oil.
Results and Discussion
The yield of essential oils obtained by hydrodistillation from the dried aerial parts of two thyme cultivars ranged from 0.86 to 1.40% (v/w) ( Table 2 ). Statistical analysis of the results obtained showed significant differences in the content of essential oil in the plant material obtained in 2016 (two-year-old plants) and on average for both years of the study. The higher content of essential oil was noted for 'English Winter' cultivar.
The content of essential oil in dry thyme herb varied from 0.32% (Ozguven and Tansi, 1998) to 4.90% (Carlen et al., 2010) . The European Pharmacopoeia 7.0 (2010) prescribes a minimum yield of 1.2%. Our results are generally comparable with cited literature. However, in the regard of pharmacopoeial requirements, only the percentage yield of essential oil obtained from two-year-old plants of 'English Winter' cultivar was found to be in conformity with European Pharmacopoeia standards.
The percentage composition of the obtained essential oils as well as the main classes of the identified constituents is shown in Table 3 . The volatile components are listed in the order of their elution from a HP-5 MS column.
In the two Thymus vulgaris L. essential oils, a total of ninety-three different compounds were identified: 80 for 'English Winter' cultivar (99.44% of the total oil) and 73 for 'Summer Thyme de Provence' cultivar (99.38% of the oil).
The main constituents found in the oil of 'English Winter' were thymol (44.97 and 38.06% in 2016 and 2017, respectively), p-cymene (7.61 and 10.34%), γ-terpinene (7.08 and 6.66%) and carvacrol (5.11 and 8.27%). Other components accounted for more than 2% were βcaryophyllene (3.50 and 4.18%), linalool (2.77 and 3.68%), α-terpinene (2.27 and 1.77%), thymol methyl ether (2.62 and 0.29%) and carvacrol methyl ether (2.12 and 1.50%). The volatile oil of 'Summer Thyme de Provence' was also rich in thymol (36.82 and 37.32%), p-cymene (15.73 and 11.20%), γ-terpinene (5.34 and 11.09%) and carvacrol (6.50 and 5.35%). Other abundant constituents were βcaryophyllene (4.06 and 3.75%), linalool (3.09 and 2.46%), borneol (2.23 and 1.22%), caryophyllene oxide (2.06 and 1.33%) and α-terpinene (1.67 and 2.49%).
Generally, the main compounds identified in the oils of two thyme cultivars were the same. Although, the higher concentration of thymol (38.06-44.97%) was observed in the oil isolated from 'English Winter' cultivar, while oil obtained from 'Summer Thyme de Provence'cultivar was richer in p-cymene (11.20-15.73%). Moreover, transgeraniol (0.15-0.15%) was found only in 'English Winter' oil, whereas trace amount of phellandral (0.02-0.06%) we detected only in the oil of 'Summer Thyme de Provence'.
Oxygenated monoterpenes (58.67-64.01% in 'English Winter' and 52.39-55.17% in 'Summer Thyme de Provence') and monoterpene hydrocarbons .02% in 'Summer Thyme de Provence') were shown to be the main group of constituents in both the oils, whereas oxygenated diterpenes were present in very low amounts (0.05% in 'English Winter' and 0.08% in 'Summer Thyme the Provence') ( Table 3) .
The statistical analysis of the results presented in Table 4 indicated that the studied essential oils, regardless of the year of cultivation, were characterized by the highest content of thymolfrom 36.82 to 44.97%. However, its content was significantly higher in the oil obtained from 'English Winter' cultivar (the difference was 4.45%).
On the other hand, as comparing the results from two years of the study, regardless of thyme cultivar, a significantly higher content of thymol was found in the oil isolated from two-year-old plants as compared with threeyear-old plants -the difference was 3.205%.
The other components found in significant amount in the investigated oils were: p-cymene, γ-terpinene, carvacrol and β-caryophyllene. It was proved that the essential oil obtained from 'Summer Thyme de Provence' cultivar contained more p-cymene and γ-terpinene, while there was no statistical differentiation in the content of carvacrol and β-caryophyllene in the essential oils of investigated cultivars. However, when comparing the content of these compounds in dependence on the year of cultivation, significantly higher percentage of p-cymene was noted in the oil extracted from two-year-old plants, while the oil isolated from three-year-old plants was richer in γ-terpinene and carvacrol. Thymus vulgaris L. is probably one of the most studied Thymus species from the agronomic point of view due to its wide utilization for industrial purposes (Trindade et al., 2018) . Thymol, carvacrol and linalool are considered as the important chemical constituents of thyme herb (Syamasundar et al., 2008) . However, the content of thymol in essential oil determines the quality of thyme (Stahl-Biskup and Saez, 2002) .
The chemical composition of thyme's essential oil depends on the several factors, such as environment of growing, development stage (Hudaib and Aburjai, 2007) and chemotypes (Thompson et al., 2003) . Literature indicated that thymol, p-cymene, γ-terpinene, carvacrol, linalool and β-caryophyllene are ususally reported as the main constituents of thyme essential oil (Thompson et al., 2003; Raal et al., 2005; Hudaib and Aburjai, 2007; Chizzola et al., 2008; Boruga et al., 2014) . According to Trindade et al. (2018) , thymol chemotype is the most frequent in Thymus vulgaris L.
Our results are in agreement with some other studies (Ozcan and Chalchat, 2004; Zawislak, 2007; Porte et al., 2008; Anzlovar et al., 2014; Boruga et al., 2014; Duscova et al., 2016; Satyal et al., 2016) , where thymol, p-cymene, γterpinene and carvacrol were reported to be the major thyme oil components. The essential oil obtained from fresh leaves of T. vulgaris from Brazil (Porte et al., 2008) contained thymol (44.7%), p-cymene (18.6%) and γterpinene (16.5%) as the main components. In the oils isolated from two varieties of thyme: 'Krajovy' and 'Winter' cultivated in Czech Republic (Duscova et al., 2016) , thymol (52.13-61.92%), o-cymene (11.39-24.86%) and γ-terpinene (4.61-13.84%) were found as the most abundant constituents. Volatile oil isolated from plants collected in Richerenches, France (Satyal et al., 2016) was rich in thymol (47.06%) and p-cymene (20.07%) with lesser quantities of linalool (5.00%) and carvacrol (3.24%). Thymol (47.59%), γ-terpinene (30.90%) and p-cymene (8.11%) dominated in the essential oil obtained from T. vulgaris cultivated in Romania (Boruga et al., 2014) . The high content of thymol (68.91%) in volatile oil was found by Anzlovar et al. (2014) in T. vulgaris cv. 'Deutscher winter' cultivated in Slovenia. The other abundant components were p-cymene (13.61%), γ-terpinene (7.60%), ocimene (2.11%) and carvacrol (1.55%). In the essential oil obtained from garden thyme cultivated in south-eastern Poland (Zawislak, 2007) , thymol (49.9-61.2%), γ-terpinene (11.3-12.1%), p-cymene (9.1-13.5%) and carvacrol (5.0-6.3%) were the main components. Thymol (46.2%), γ-terpinene (14.1%), pcymene (9.9%) and linalool (4.0%) dominated in the essential oil obtained from T. vulgaris growing wild in Turkey (Ozcan and Chalachat, 2004) , while in the essential oil isolated from leaves of T. vulgaris cultivated in North Yemen (Maqtari et al., 2011) thymol (51.34%), p-cymene (18.35%), caryophyllene (4.26%), α-pinene (2.95%), βmyrcene (2.50%) and carvacrol (2.03%) were found in significant amounts.
Interestingly, thymol was not detected in the oil of thyme from Morocco (El Hattabi et al., 2016) . Moroccan plants contained mainly carvacrol (78.4%) and p-cymene (4.6%) in the essential oil.
The amount of thymol (36.82-44.97%) detected in our oils was lower as compared to the results obtained by Ozcan and Chalchat (2004) , Zawislak (2007) , Maqtari et al. (2011 ), Boruga et al. (2014 , Anzlavar et al. (2014 ), Duscova et al. (2016 and Satyal et al. (2016) . However, thymol content was found to be in good agreement with the quality standards of the European Pharmacopoeia (EP limits 36.0-55%) for thyme oil. Moreover, our cultivars were richer in carvacrol (5.11-8.27%) in comparison with thyme from France (Satyal et al., 2016) , Slovenia (Anzlovar et al., 2014) and North Yemen (Maqtari et al., 2011) . Only T. vulgaris from Morocco (El Hattabi et al., 2016) had higher content of carvacrol in the essential oil.
The percentage content of γ-terpinene (5.34-11.09%) in our essential oil samples was lower than those reported by Ozcan and Chalchat (2004) , Zawislak (2007) , Porte et al. (2008) and Boruga et al. (2014) . However, the content of pcymene (7.61-15.73%) in our oils was higher than those found in thyme oil from Turkey (Ozcan and Chalchat, 2004) and in garden thyme oil from south-eastern Poland (Zawislak, 2007) .
Our results differ from those obtained by Torras et al. (2007) who studied the oil composition of T. vulgaris growing wild in Catalonia, in which linalool (60.55%) and α-terpenyl acetate (13.95%) were the main constituents. Similarly, thyme from Southern Italy (De Lisi et al., 2011) was rich in linalool (58.00%), while plants from Croatia (Jukic and Milos, 2005) contained linalool (40.2-43.0%), pcymene (13.5-15.5%) and 1,4-terpineol (4.3-6.8%) in the essential oil.
The content of linalool in our T. vulgaris cultivars varied from 2.77 to 3.68%, while the content of terpinen-4-ol (1,4terpineol) did not exceed 1.27%. We not detected αterpenyl acetate in our oils.
The major constituents of the essential oils isolated from T. vulgaris cultivars: 'English Winter' and 'Summer Thyme de Provence' were thymol, p-cymene and γ-terpinene, which suggest that the analyzed oils belong to the thymol chemotype.
Conclusions
Both examined Thymus vulgaris L. cultivars belong to the thymol chemotype, with differences in the concentration of p-cymene and γ-terpinene. The higher content of p-cymene and γ-terpinene we noted in 'Summer Thyme de Provence' cultivar, while 'English Winter' cultivar was richer in thymol. Based on these results we suppose that the isolated essential oils will exhibit good antioxidant and antimicrobial properties. Moreover, both cultivars can found wide application in food industry as flavor ingredients to beverages and confectionary products as well as in cosmetic industry as natural preservatives.
